Background. Neurocysticercosis (NCC) is a frequent cause of epilepsy worldwide. Compared with the more common parenchymal brain cysts, extraparenchymal infections are difficult to manage and have a poor prognosis. Serological assays are used to detect circulating Taenia solium antigens or anti-T. solium antibodies in serum or cerebrospinal fluid (CSF) samples. There are no guidelines on whether to use serum or CSF specimens for a particular assay.
demonstrated that intraparenchymal brain parasitic lesions are the most common presentation for NCC [6, 7] . Extraparenchymal lesions occur less frequently but are more difficult to manage. Intraparenchymal disease has a benign course, whereas extraparenchymal disease frequently causes hydrocephalus and is associated with a progressive evolution and significant mortality [8, 9] .
The combined use of brain imaging and immunodiagnosis allows a precise diagnosis of NCC in most cases. Serological assays for confirmation of NCC can detect circulating anti-T. solium antibodies or T. solium antigens [10, 11] . Antibody detection is mostly a confirmatory tool, particularly for patients with compatible brain imaging findings or for neurologically symptomatic patients from regions of endemicity. Antigen detection supplements antibody detection by demonstrating the presence of live parasites. Antibody-and antigen-detecting immunodiagnostic tests have been used to examine serum and cerebrospinal fluid (CSF), with variable results [9, [12] [13] [14] [15] [16] . There are reasons to believe that the use of CSF could be advantageous for the immunodiagnosis of NCC. Antigens should be directly released to the CSF from neighboring parasites, and antibodies are present in the CSF because of filtration from the blood as well as local antibody production in the central nervous system (as previously demonstrated in persons with NCC) [17] ). Lower nonspecific background reactions are also to be expected, owing to the lower protein content of the CSF. On the other hand, CSF is usually obtained through lumbar puncture, a painful and invasive procedure that is performed only in institutional settings and can be particularly risky for patients with intracranial hypertension [18, 19] . Serum samples are obtained by venipuncture, which involves minimal risks and is more acceptable to patients.
There are no clear guidelines on the use CSF for immunodiagnostic purposes in patients with NCC. We evaluated paired serum and CSF samples from patients with intraparenchymal NCC and patients with extraparenchymal NCC to assess whether, for each group, analysis of CSF specimens is more sensitive than analysis of serum specimens for detection of anti-T. solium antibodies and T. solium antigens.
MATERIALS AND METHODS

Samples
Archived records at the Cysticercosis Unit of the Instituto Nacional de Ciencias Neurologicas in Lima, Peru, were reviewed to identify patients from whom paired serum and CSF samples were collected between October 1991 and December 2006. Inclusion criteria specified that paired samples were collected within 30 days of each other, that at least 1 sample (serum or CSF) per pair had T. solium antibodies detected by an enzymelinked immunotransfer blot (EITB) assay, and that the patient underwent at least 1 brain examination (by CT or MRI) within 90 days of sample collection. Samples were collected under different research studies duly approved by a registered institutional review board, with written records of informed consent that specified permission for future use of remaining biological samples. CSF samples had been obtained by lumbar puncture (spinal CSF) or during placement of ventriculoperitoneal shunts (ventricular CSF).
Demographic and Radiologic Information
Age, sex, and radiologic information (CT and/or MRI findings on the number, type, location, and stage of NCC lesions and the presence or absence of hydrocephalus) were collected from the records of patients who met the selection criteria described. The resulting database was anonymized by deleting any patient identifier code and then used for this study.
Patients were categorized into 2 groups. Group 1 comprised patients with intraparenchymal NCC and 1 lesion in the brain parenchyma, without extraparenchymal lesions or hydrocephalus. This group included patients with live, viable parasites (with or without calcifications), and patients with calcified lesions only. Group 2 comprised patients with extraparenchymal NCC. Patients in group 2 could also have intraparenchymal lesions; this group included patients with subarachnoid NCC (with or without ventricular cysts) and patients with intraventricular NCC only.
Study Design
In paired samples from each patient, an EITB assay was used to detect antibodies, as described by Tsang et al. [15] , and a monoclonal antibody (MAb)-based capture ELISA (Ag-ELISA) was used to detect antigens, as described by Brandt et al. [11] and adapted by others [20, 21] . In each assay format, serum and CSF samples from the same patient were processed simultaneously, under the same conditions as described below, with observers blinded to the results for the other sample in each pair.
Assays
EITB assay. The EITB assay involves the separation of 7 glycoprotein antigens (GP50, GP42-39, GP24, GP21, GP18, GP14, and GP13) by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The glycoproteins resolving in the gels are transferred to nitrocellulose membranes and immobilized. Antibody detection is performed by exposing antigen-loaded nitrocellulose strips to the problem sample. Sample incubation was performed according to the original description: serum and CSF were diluted in PBS (pH 7.2) with Tween 20 (PBS-T; 0.3%) and milk (5%) (a 1:50 dilution for serum and a 1:10 dilution for CSF). Samples were incubated overnight at 4°C with gentle shaking. On the next day, the membranes were washed 5 times with 0.3% PBS-T at 56°C. A 1:12,000 dilution of goat anti-human IgG in 0.3% PBS-T was added as a conjugate, and samples were incubated for 2 h at room temperature. After 5 more washings, 3.3'-diaminobenzidine tetrahydrochloride dihydrate diluted in PBS at 0.5 mg/mL was added as a substrate, and the reaction was developed with 30% hydrogen peroxide diluted 1:10 4 . EITB results were expressed as the number of reactive bands (i.e., 0 -7). A sample was considered positive if it showed 1 reactive band of antibody to the glycoprotein antigens.
Ag-ELISA. Nunc MaxiSorp plates were sensitized with 100 L of trapping MAb (B158C11A10) in bicarbonate buffer at 5 g/mL, shaken for 30 min at 37°C, and washed with 0.05% PBS-T. After that, 150 L of blocking solution (PBS-T with 1% newborn calf serum) was added to all the wells, and incubation for 15 min was performed. Next, 100 L of serum or CSF samples, pretreated with 5% trichloroacetic acid to break existing immune complexes [21] , was added to each well, and plates were incubated for 15 min at 37°C with gentle shaking. Then, after the plates were washed 5 times, 100 L of the second MAb (B60H8A4-BIOT, diluted 1:712 in blocking solution) was added to each well, and plates were incubated for 15 min at 37°C on a shaker. After another washing, 100 L of streptavidin diluted 1:10 4 in blocking solution was added, and plates were incubated for 15 min at 37°C with gentle shaking. Plates were washed again 5 times, and 100 L of o-phenylenediamine (OPD/H 2 O 2 ) diluted in citrate buffer was added as substrate/chromogen, after which plates were incubated in the dark for 15 min. The reaction was stopped with 50 L of 2N H 2 SO 4 . Plates were read at 492/650 nm. A sample was considered positive if the optical density (OD) was greater than a cutoff defined by analyzing the values of 8 known negative samples by the Student t test. Results were also analyzed as a continuous variable, expressed as the percentage of positivity, obtained from dividing the sample optical density (ϫ100) by that of a positive standard pool from known patients with NCC. The positive control is selected from the linear slope of a dilution curve of antigen, where the kinetics of reaction is higher. Any variation in processing conditions is reflected in changes in the OD reading for this known positive sample, thus providing a control for interplate variation.
Data Analysis
The proportions of serum and CSF samples with positive results were compared using the McNemar test for matched pairs of dichotomic variables. This comparison was conducted independently for EITB and ELISA results and was repeated for each of the 4 types of NCC. Similarly, the number of reactive bands found in serum and CSF samples by the EITB assay were compared using the paired Student t test, and the antigen levels measured by ELISA in serum and CSF specimens were compared using the Wilcoxon matched-pairs signed rank test. The correlation between antigen levels in serum and CSF was also assessed with the Spearman correlation coefficient. Additionally, to evaluate whether spinal and ventricular CSF samples yielded similar results, 2 indicators were compared. The difference in the number of reactive bands detected by the EITB assay (calculated by subtracting the number of bands for serum specimens from the number for CSF specimens) and the ratio of antigen levels in CSF to those in serum were compared between spinal and ventricular CSF samples, using Mann-Whitney 2-sample U tests. Finally, antibody and antigen levels were compared between patients with intraparenchymal NCC and those with extraparenchymal NCC for both serum and CSF samples; patients with only calcific NCC were excluded from comparisons of antigen levels. All data were entered in Excel XP worksheets (Microsoft) and analyzed using Stata software (version 9.0; Stata). All confidence intervals (CIs) were calculated at the 95% confidence level, and results were considered statistically significant at P values of Ͻ.05.
RESULTS
Study Population
The final group included samples from 91 patients. 
Extraparenchymal NCC
Comparison of spinal and ventricular CSF samples. Ventricular CSF samples were available only from the extraparenchymal NCC group and were obtained from 18 of 31 patients with subarachnoid NCC and 7 of 12 patients with ventricular NCC. CSF specimens obtained from shunts were similar to those obtained from lumbar puncture in terms of the numbers of reactive antibody band (P ϭ .578) and antigen levels (P ϭ .861) for patients with either subarachnoid or ventricular cysticercosis. When CSF samples were compared with serum samples from the same patients, however, some differences appeared. Relative to findings for serum samples, CSF samples obtained from shunts had fewer reactive antibody bands detected by the EITB assay than did CSF samples obtained by lumbar puncture (1.92 Ϯ 1.85 vs. 0.83 Ϯ 1.50 fewer bands in CSF than in serum; P ϭ .047, by the Mann-Whitney U test), reflecting proportionally fewer antibodies in CSF samples obtained from shunts. Similarly, when CSF antigen levels were assessed in relation to levels in serum for the same patient, the ratio of CSF levels to serum levels was significantly lower among CSF samples obtained from shunts than among those obtained by lumbar puncture (1.28 Ϯ 1.67 vs. 3.17 Ϯ 3.47; P ϭ .049, by the MannWhitney U test), reflecting proportionally fewer antigens in the former.
Antibody detection by EITB assay. Paired serum and CSF samples were available for 43 patients with extraparenchymal NCC. All serum and CSF samples were EITB positive; patients with extraparenchymal NCC had more reactive antibody bands in serum specimens than in CSF specimens (6.28 Ϯ 1.26 bands vs. 4.81 Ϯ 1.76 bands; P Ͻ .001, by the paired Student t test). The differences in the number of positive antibody bands between serum and CSF samples were similar for patients with intraventricular NCC and those with subarachnoid NCC (table 2) .
Antigen detection on ELISA. Paired serum and CSF samples from 34 patients with extraparenchymal NCC were available for Ag-ELISA. All samples, both serum and CSF, were positive by Ag-ELISA, with the exception of 2 serum samples from patients with ventricular NCC. Samples from patients with subarachnoid disease had higher antigen levels than those from patients with ventricular NCC (P ϭ .016 for CSF and P ϭ .013 for serum, by the Mann-Whitney U test) (table 2) .
Relation between antigen levels in serum and CSF. In the whole study population, antigen levels in paired serum and CSF specimens were strongly correlated (Spearman ϭ 0.791; P Ͻ .001). This correlation was less marked but still highly significant for patients with subarachnoid NCC (r ϭ 0.479, P ϭ .015). Serum and CSF antigen levels were not significantly correlated for patients with intraventricular NCC (r ϭ 0.226; P ϭ .559).
Serological Differences between Intraparenchymal and Extraparenchymal NCC
Antibody detection by EITB. Samples from patients with extraparenchymal NCC had more reactive antibody bands than those from patients with intraparenchymal NCC. The difference was significant for serum specimens (6.28 Ϯ 1.26 bands vs. 4.98 Ϯ 1.97 bands; P Ͻ .001) but only marginal for CSF specimens (4.81 Ϯ 1.76 bands vs. 4.08 Ϯ 2.39 bands; P ϭ .104).
Antigen detection on ELISA. Serum and CSF antigen levels were significantly higher among patients with extraparenchymal NCC than among those with viable intraparenchymal disease (P Ͻ .001 for both comparisons, by the Mann-Whitney U test); this analysis was performed after exclusion of patients with only calcified intraparenchymal lesions.
DISCUSSION
Brain imaging methods frequently yield nonspecific findings in NCC. Immunodiagnosis of NCC, typically performed using serum or CSF samples, is a helpful tool for diagnostic confirmation and follow-up. Despite the difficulties associated with CSF sample collection, there are no clear indications as to which type of samples should be used. This series demonstrated that there is basically no advantage to using CSF rather than serum for antibody detection with EITB assays. Among patients with intraparenchymal brain NCC, the use of CSF samples for antigen detection was associated with a 13% increase in case identification (P ϭ not significant). Most patients with extraparenchymal NCC were strongly seropositive, so there were no apparent differences between serum and CSF findings in this group.
Immunodiagnosis can be done by detecting specific antibodies or antigens. In 1989, the introduction of the EITB assay (based on immunoblotting or Western blotting) with purified glycoprotein antigen provided a sensitive and specific marker of infection by T. solium and rapidly became the assay of choice for immunodiagnosis [15, 22, 23] . Also in 1989, an ELISA for antigen detection (Ag-ELISA) was reported to have reasonable performance [10] . A similar Ag-ELISA was described by a different group in 1992 and was improved in 1998 by changing the immunoglobulin isotype of the monoclonal antibodies from IgM to IgG [11, 20] . Although this assay does not have the sensitivity and specificity of the EITB assay, it may differentiate infections that involve live parasites and will probably become a very useful tool in monitoring the effect of antiparasitic treatment [24, 25] . Positive results of an enzyme-linked immunotransfer blot (EITB) assay and a monoclonal antibody-based  enzyme-linked immunosorbent assay (Ag-ELISA) NCC can locate anywhere in the nervous system and is associated with inflammation and subsequent disruption in the blood-brain barrier. CSF antibody levels increase according to the duration and severity of inflammation, as reported for multiple sclerosis [26] , and also after the disruption of the bloodbrain barrier [27, 28] . "De novo" immunoglobulin synthesis inside the central nervous system has been shown to occur in NCC [17] . In general, however, antibody levels are lower in CSF, because they mostly come from passive diffusion from the blood system [29, 30] , although there is a gradient of increased protein concentration as the CSF descends along the neuroaxis [30, 31] . Consequently, the use of CSF yields weaker reactions and thus lower sensitivity but also a significant reduction in nonspecific reactions. Thus, for assay formats of lower specificity, such as indirect hemagglutination, complement fixation, or ELISA using nonpurified antigens, test performance is improved by using CSF instead of serum [31] [32] [33] [34] [35] . Highly specific assays can take advantage of the stronger reactivity of serum without the risk of disturbing increases in false-positive results [9, 15, 36 -39] .
The multiplicity of antigens and assay formats has thus made it difficult to compare antibody-and antigen-detecting assays in terms of their accuracy or their performance in different biological fluids. In this study, paired serum and CSF samples from patients with well-defined NCC types were tested for antibodies by using an EITB assay [15] and for antigens by using a MAbbased ELISA [11, 20, 21] . All serum samples and most CSF samples (those from ϳ10% of patients with intraparenchymal NCC were EITB negative) were positive by the EITB assay. Most patients with calcified lesions were antibody positive, confirming that antibody responses in persons with established NCC persist for years after successful cure [40] . In the original description of the EITB assay in NCC [15] , the sensitivity with serum samples was estimated at 98%, similar to our findings. The original study, however, did not find differences in sensitivity with CSF samples, but only a small number of CSF samples were tested. In our series, antibody detection by EITB assay in CSF samples was slightly inferior to that in serum samples. Our findings are concordant with those of other, larger studies of NCC antibody detection in CSF samples [16, 36] . Because almost all patients were positive for antibodies at EITB assay (as usual in clinical cases), we could not compare EITB sensitivity in serum versus CSF in terms of positive or negative diagnoses. EITB results are usually expressed as positive or negative or as numbers of reactive bands (0 -7). Patients with extraparenchymal NCC had more bands in both serum and CSF samples. Previous reports had described higher antibody concentration in extraparenchymal or malignant NCC [9, 12, 13, 41] .
Unlike antibody detection, measurement of circulating antigen levels allows differentiation of NCC cases with viable parasites [42] [43] [44] , with antigen levels correlating to the numbers and size of lesions [24, 25, 45] . For antigen detection, CSF samples were superior to serum samples in all types of NCC except subarachnoid NCC, for which both serum and CSF levels were extremely high. In most patients with viable intraparenchymal cysts, antigen levels were detectable, but at low levels. Antigen levels in patients with calcified intraparenchymal NCC were almost undetectable. In contrast, serum and CSF antigen levels in extraparenchymal disease were 10 times higher [43, 46] . High antigen levels should thus lead one to suspect the presence of extraparenchymal NCC. Serum and CSF antigen levels were strongly correlated for all types of NCC except intraventricular cysts.
In this series, there were clear differences in age by stage and type of NCC. The mean age for patients with calcified NCC was 9 years older than that for patients with viable intraparenchymal NCC. This finding is concordant with the classic work by Dixon and Lipscomb [47] that involved English soldiers, which described a median of 3-5 years between exposure and the onset of symptoms. Additionally, calcification of viable cysts after their degeneration has been estimated to take ϳ2 years [48] . Patients with extraparenchymal NCC were, on average, 13 years older than patients with viable intraparenchymal lesions. This time may represent prolonged latency due to slow growth of extraparenchymal larvae (symptoms probably appear or greatly worsen only after the size of the parasites causes mass effect or blocks CSF circulation and leads to hydrocephalus) [49] . Less likely, this lag time could arise from slow migration of cysts from neighboring parenchyma or from the lateral ventricles downward [50] .
Our findings suggest that serum antibody detection by an EITB assay, using purified antigen, remains the assay of choice for diagnosis of NCC [15] , with no improvement in performance (or even a slight decrease in sensitivity) with use of CSF rather than serum samples. EITB antibody detection is associated with a high rate of positive antibody reactions among patients with calcified NCC. Mab-based detection of circulating antigen by ELISA shows lower sensitivity, although its performance was somewhat better for CSF than for serum samples. Active and inactive infections are better differentiated by antigen detection in serum or CSF samples, and high antigen levels suggests the presence of extraparenchymal NCC, particularly subarachnoid disease, which is associated with a worse prognosis.
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